ABSTRACT
generations after size-selective harvesting was stopped, indicating induced evolution 48 of the circadian system and behavioural traits in response to size-selective harvesting.
49

INTRODUCTION
51
Harvesting drives the evolution of animal populations on contemporary time scales by 52 creating selection pressures that substantially depart from natural conditions (1-3). 53 Unselective, yet elevated harvesting-induced mortality alone triggers the evolution of 54 a fast life history characterized by elevated reproductive investment, reduced age and 55 size at maturation, reduced post maturation growth and longevity (4, 5). The evolution 56 of a fast life history is reinforced by harvesting mortality being size-selective (6). Life 57 history evolution can alter correlated traits, such as physiological and behavioral traits 58 (6-9). However, physiological and behavioral adaptations in response to harvesting are 59 much less understood compared to harvesting-induced changes to life-histories (2, 8). 60 Our study fills this gap using an experimental system simulating fisheries-induced 61 evolution in response to size-selective harvest. 62 Fisheries-induced evolution can affect physiological and behavioral traits 63 through at least two key mechanisms. The first relates to correlated selection 64 responses of adaptive changes in life-histories (10). For example, the pace-of-life 34, 35). Moreover, size-selection affected single nucleotide polymorphisms occurring 115 within regulatory areas of genes related to the circadian system (17), in particular 116 guca1c that is involved in the light reception cascade in the retina and pineal gland (36) 117 and tph2 that is involved in serotonin synthesis (37). These data collectively provided 118 strong evidence that size-selection over just five generations affected both genes and 119 phenotypes, suggesting that size-selection could also have left a molecular legacy in 120 the circadian system. In the present work, we test the hypothesis that risk taking 121 behavior and the circadian system share common pathways (29) and we predicted that 122 harvesting-induced evolution of risk-taking behavior has altered the circadian system 123 in the zebrafish selection lines. We also expected that possible changes in shoaling and the first hour after light-on (09:00 -10:00 h), the small-harvested line, but not the 179 large-harvested line, was more active in demanding food than controls (Fig. 4C, D) . To 180 obtain a more quantitative measure of feeding behavior, we measured the amount of 181 food demanded every two days normalized by the biomass of each fish group during 182 the first days of the first LD trial. Significant (F 2,33 = 5.161, p < 0.05) differences among 183 lines during the first two days were found. Specifically, the large-harvested fish 184 demanded more food per fish mass (0.80 ± 0.58 g/g) than controls (0.18 ± 0.36 g/g), 185 but these differences disappeared over time (Fig. S4 ).
187
Core clock genes 188 At the end of the behavioral activity trials we sacrificed the fish, under constant-189 lighting conditions, to measure circadian transcript abundance with RT-qPCR (see 190 Methods for details). Core clock genes expression revealed significant differences in 191 their circadian oscillations among the zebrafish lines (Table 2 ). In the brain, the control to the control: the large-harvested line shifted the peak from CT8 to CT12, while the 212 small-harvested line shifted from CT8 to CT16 (Table 2 and 
Clock output genes
218
The circadian expression of clock output genes showed less peak shifts compared to 219 the other two groups of genes that we investigated (Table 2 ). In the brain, all lines had 220 a circadian rhythmicity of tef1 and dbpa with peaks at the same circadian time. 221 However, the large-harvested line showed a trend (p = 0.078) in the circadian 222 rhythmicity of dbpa (Table 2 and Fig. 5 ). In the liver, both size-selected lines shifted the 223 peak of the circadian oscillation of tef1 from CT12 to CT8 compared to the control 224 (Table 2 and 
DISCUSSION
238
Using an experimental system simulating fisheries-induced evolution following size-239 selection, we reveal the evolutionary legacy left by five generations of size-selective 240 harvesting on shoaling and risk-taking behaviors as well as on the circadian molecular 241 and behavioral outputs. In particular, we demonstrate that individuals of the small-harvested line (which is conceivable in recreational fisheries managed with a maximum 243 size limit or in commercial gears having an upper bounds on mesh sizes, e.g. gill nets) 244 took more risk during feeding at the surface, were more cohesive, were more active at 245 the beginning of the photophase and extended self-feeding activity during photophase 246 relative to the control. We also found the large-harvested line (which can be expected 247 in recreational fisheries managed with a minimum-length limit or in commercial 248 fisheries operating with a trawl) to be shyer and to initially demand more food per 249 biomass than controls, and there was also a trend for this line to be less cohesive than 250 control. The evolutionary effects of size-selective harvesting on risk taking, shoaling 251 and foraging seem to be linked to daily activity rhythms, particularly in the small- Collective personality traits and daily activity rhythms 261 The behavioural traits we studied represented stable and repeatable traits and thus 262 were indicative of zebrafish collective personality traits (38, 39 and positively size-selective harvesting selected for increased timidity/shyness (6, 12).
284
As regarding daily activity rhythms, the small-harvested line was found to be (Fig. S1 ). The growth trajectories indicate harvest-induced changes in energy allocation patterns at F 9 and F 13 (Fig. S1) , with the large-harvested line 403 investing early and intensively into reproduction, and the small-harvested one 404 investing early but at low intensity into gonad production and more intensively in 
Shoaling and risk-taking behavior experiments
495
Zebrafish is a social species that forms shoals (40), and both risk-taking behavior and 496 circadian rhythms are sensitive to social modulation (68, 69). Therefore, we used zebrafish shoals for testing our hypothesis because it is the appropiate reflection of the 498 phenotypes in the original environment that the selection experiment operated on. 499 Shoaling behavior was recorded two consecutive times when zebrafish were 500 150 and 190 dpf (at about the same age used for the circadian experiment, see below). 501 We randomly selected 6 groups of 8 fishes for each of the six selection line (12 groups 502 for each treatment: large-harvested, small-harvested and control line). The groups 503 were transferred to 3-L rearing boxes at 30 dpf and maintained under the conditions 504 explained above. The standard length of the experimental fish groups at 170 dpf was 505 within the following range: large-harvested (1.9 -2.7 cm); control (2.1 -2.8 cm); small-506 harvested (2.1 -2.7 cm). Shoals behavior was measured in a white round arena We used the same groups of zebrafish to perform an additionally behavioral 519 test on the time spent feeding at the surface of the water. We repeated trials two 520 times (i.e., at 230 and 240 dpf). The groups of eight zebrafish were moved from the 3- The experimental set up we used was previously designed to record at the same 548 time swimming (as a proxy of locomotor activity) and self-feeding activity by a group of 549 zebrafish ( Fig. S2; see also 42 ). An infrared photocell (E3S-AD62 Omron, Kyoto, Japan) Gene-specific primers are indicated in Table S1 . The relative expression levels of 609 each sample were calculated by the 2 -ΔΔCT method (74), using geometric mean of three 610 housekeeping genes (βactin, GADPH and EF1α) in both tissues. 
631
As regarding swimming activity, we estimated total activity for each group by 632 calculating the area under the waveform curve during both LD trials (78). Next, early 633 and late peaks of activity were calculated as percentage of activity during the first 634 (early) and last (late) four hours of photophase. As regarding feeding activity, we 635 estimated feeding events for each group by calculating the area under the waveform 636 curve during four different hourly sections: i) from 06:00 to 07:00; ii) from 07:00 to 637 08:00; iii) from 08:00 to 09:00 (i.e., the hour before lights on); iv) from 09:00 to 10:00 638 (i.e., the hour after lights on). We calculated the adjusted repeatability (selection lines 639 as fixed effect) of these behavioral traits over the two LD trials as described above. We 
